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Outline
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ÅWhy should T2K care about modelling 

neutrino interactions?

ÅThe T2K uncertainty model for neutrino 

interactions

ÅRobustness checks of T2K analyses

ÅSummary
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The T2K Experiment
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The T2K Experiment
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Neutrino Interactions at T2K

No Osc .

w/ Osc .

CC-2p2h

CC-SPP
(Single Pion Production)

CC-QE
(2 particle, 2 hole)(Charged -Current Quasi -Elastic)

ὔЉὉ ὖ’ᴼ’Љ Ὁ „Ὁ ɮ Ὁ Ὁ

ὔЉ% = Event rate
ὖ’Љᴼ’Љ Ὁ = Oscillation probability

ɮ % = Neutrino flux

Ὁ = Detector efficiency
„ЉὉ = Interaction cross section
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Neutrino Energy Reconstruction

Proxy for Ὁ from lepton kinematics is exact only for 

CCQE elastic scattering off a stationary nucleon

CCQE (1p1h)
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The motion of the nucleons inside the nucleus 

(Fermi motion ) causes a smearing on Ὁ

CCQE (1p1h)

Neutrino Energy Reconstruction
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The motion of the nucleons inside the nucleus 

(Fermi motion ) causes a smearing on Ὁ

The energy loss in the nucleus (to extract the struck 

nucleon from its shell) introduces a bias
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The motion of the nucleons inside the nucleus 

(Fermi motion ) causes a smearing on Ὁ

The energy loss in the nucleus (to extract the struck 

nucleon from its shell) introduces a bias

Not a good proxy for non -CCQE events: 2p2h and 

CC1ȏwith pion abs. FSI

2p2hCCRES

“

Final state interactions 
(FSI) can cause different 

interaction modes to 
have the same final state 

Interactions off a bound 
state of two nucleons can 
result in 2p2h final states  

CCQE (1p1h)

Neutrino Energy Reconstruction
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Three things we need to model

1. Relative CC0 ȏ contribution of CCQE and other processes
ÅSo we know how often we mis-reconstruct Ὁ

(a non exhaustive list)
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T2K uses the NEUT neutrino nucleus 

interaction simulation to model this 

The European Physical Journal Special Topics
volume230, pages 4469ς4481 (2021)

See our NuFact 2022 talk on NEUT for details!

https://link.springer.com/journal/11734
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The CCQE Model

Ὠ„ Љ

ὨɱὯ Ὠɱὴ Ä%Љᴂ
ὛͯὉ ȟ▬ , 7  ὓ Ὁ Ὁ

�´�6�S�H�F�W�U�D�O���)�X�Q�F�W�L�R�Q�µ
Single nucleon tensor 

contraction 
(no nuclear effects)

Å The Benhar Spectral Function model

�9 More sophisticated description of the nuclear ground state (i.e. Fermi 

motion and removal energy ) than Fermi -gas (FG) models 

�9 Shell model largely derived from electron scattering data

�9 Better predictive power for outgoing nucleon kinematics than FG
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NEUT, Oxygen


